Emissions of NO from soils in the Amazon rain forest were measured at 66 locations (224 measurements) using an enclosure technique, and continuous vertical profiles of NO and 03 were measured between the ground and 41-m altitude. Fluxes of NO averaged 8.9 (+1.5) x 109 molecules crn -2 s -1 from the dominant (yellow clay) soils of the region, with larger fluxes (33.7 (_+6.5) x 109 molecules cm -2 s -1) observed from adjacent white sand softs. Fluxes from clay softs were lower by more than a factor of 5 than fluxes observed during the dry season at a nearby site. Low soil emission rates were reflected in lower concentrations of NO at the top of the forest canopy in the wet season, only 30-50 pptv (parts per trillion by volme) during the daytime. The measured fluxes are consistent with chemical mass balances for NO within the forest canopy, calculated from the NO and 03 profiles taken at night, and with observations of NO between 150 and 5000 m altitude (A. L. Torres and K. R. Hooks, unpublished manuscript, 1989 ). Measurements of NO emission rates from soil plots fertilized using NaNO3, NH4C1 or sucrose indicated that a reducfive pathway (alenitrification) may have been primarily responsible for production of the NO released by both clay and sand softs.
One week or more prior to the initiation of flux measurements lar. One to four plots were located within about 20 m of each othsmall square (10 x 10 cm and 15.3 cm high) and larger round er at several sites on the clay and sandy soils (Table 1) . For the (24.8 cm diameter and 16.4 cm high) collars were driven about 5 fertilization experiments individual subplots within some of the cm into the ground at each study site. A flux measurement was plots were treated with NaNO 3, NH4C1 (50 kg N ha -•) or sucrose made by placing a fitted top on a collar and sampling the head (500 kg C ha -x) dissolved in 1 L of distilled water. Distilled water space continuously for about 10 min, with a sample flow rate of was added to control plots. Flux measurements were made 0.5, 200-300 cm3/min STP. Square tops were 15.3 cm high, the round 2.5, and 4.5 hours after application of the fertilizer and then at collars were fitted with either a flat top or a 19.0 cm high top. various intervals on subsequent days. Tops and collars were made of aluminum coated with FEP Teflon.
Chamber air was analyzed for NO concentration using a Scin-A 1.5 cm diameter hole in each top served as an air inlet and a 4 trex LMA-3 luminol-based NO2 analyzer modified for NO mm ID Teflon outlet tube ran from the chamber to the NO analysis as described by Bakwin et al. [this issue ]. Conversion of analyzer (Figure 1) . Mixing of the chamber air was accomplished NO to NO2 was accomplished by reaction with about 500 ppbv 03 using an aluminum impeller driven at 120 rpm by a battery operat-in a 300 cm 3 glass volume just upstream of the detector (Figure 1) . ed motor mounted outside the chamber. Nitric oxide flux was cal-Ozone was generated using a "Pen-ray" type Hg vapor lamp culated from the initial rate of concentration increase in the (UVP, San Gabriel, California) to irradiate a stream of "zero" air chamber. There was no evidence of any systematic differences flowing at 30 cm3/min STP. The insmament was zeroed between between fluxes measured using the large round or small square each flux measurement by switching the 03 addition point to chambers. Systematic variation of sample flow rate established downstream of the reaction volume. In this configuration NO was not oxidized to NO 2 but the background signal due to O3 Equation (2) represents the NO soil flux as a balance between remained constant. The total flow rate through the instrument was the total amount of NO stored in the canopy layer and the homoabout 1000 cm3/min STP. It was necessary to keep the air flow geneous loss of NO by reaction with 03, the first and second terms through the chamber to a minimum in order to avoid disturbing on the right-hand side of (2) respectively. Both terms on the right hand side of (2) may be determined from the profile measurethe soil air and thereby possibly inducing NO emission [Kaplan et al., 1988] . Therefore 700-800 cm3/min STP of "zero" air was ad-ments, allowing calculation of F o -Fh. The result represents a ded to 200-300 cm3/min STP of air drawn from the chamber. lower limit of the soil flux, Fo: other chemical processes (e.g., Calibration was by standard addition of a small flow of NO stan-deposition on leaves, oxidation by organic peroxy radicals) may dard (1 ppmv NO in N2) to sample air. Flows were measured us-remove NO, also Fh may not be negligible.
ing MKS mass flow meters (MKS Instruments, Inc., Buffington, Massachusetts) powered by lead-acid batteries.
Interferences to the LMA-3 NO analysis include NO2, 03, and peroxyacetylnitrate (PAN). None of these species are expected to be produced by the soils studied, and ambient levels of these reactive species were expected to rapidly decline to zero in the enclosure [Anderson and Levine, 1987] . A buildup of any of these species in the flux box would have been observed as an increase in the instrument signal in the zeroing mode, when NO was not being detected. No such drift of the zero level was seen. Flux measurements using the modified LMA-3 were checked against measurements using a TECO-14A O3-chemiluminescence NO detector (Thermo Enviromental, Hopkinton, Massachusetts) in the lab and field, with excellent results, confirming that these soils do not emit significant levels of interfering species. The LMA-3 has the advantage of being portable and requiring low power. Further, the LMA-3 features a fast response and high sensitivity, allowing NO fluxes to be calculated from the first few minutes of data following enclosure. The minimum detectable flux was about i x 109 molecules cm -2 s -• for a 10 min. experiment.
RESLILTS

Chamber Measurements on Unfertilized Plots
Figure 2 presents approximate probability distribution functions
[see Keller et al., 1983] for NO flux measurements from unfertilized collars on the clay and sandy soils. The points represent daily means of measurements from a particular collar. Data from the same collar taken on different days are considered independent. An exception was made for site F, which was sampled intensively for 3 days: only the overall mean for each collar was used to avoid giving undue weight to this site. The 116 points on these plots represent a total of 224 individual flux measurements from 66 different collars (49 on clay soil and 17 on sandy soil). The distributions in Figure 2 are strongly non-Gaussian (normal distributions would be represented by a straight line on these plots).
There are a small number of measurements with flux values much higher than the median, a distribution similar to those found by Keller et al. [1983 Keller et al. [ , 1986 for N20 emissions from soils in similar environments. 
Profile Measurements
Fertilization Experiments
In all four fertilization experiments the addition of NO• caused a large and immediate increase in the NO flux ( Figure 5) . Increases of five-fold to 150-fold were measured just 30 min. after application of the fertilizer, and the maximum response was always seen at this earliest time point. Other fertilized plots and control plots showed no pronounced increase in NO flux, except for one NHI fertilized plot at site C which showed a response similar to that of the NO; fertilized plots. when soil fluxes (52.3 (-1-1.7) 1 (+0.9) x 109 molecules cm -2 s -•, about 40% lower than the mean from chamber measurements. The profile method yields a lower limit to the soil emission rate if the upward NO flux through the top level (41 m) is not negligible (i.e., Fs is not zero) or if processes other than oxidation by O3 remove NO within the canopy layer. Very low 03 concentrations prevailed during the measurement period, providing a favorable setting for both of these processes. The relatively large value for Fs (Fs/F o =0.4, where Fo is taken as the mean soil emission rate from the chamber measurements) appears to reflect the long lifetime for NO, which allows significant quantifies of NO to rise above the canopy at night. Detailed model calculations by Jacob and Wofsy [this issue] indicate that, at night, 80-90% of the NO emitted from the soil is converted to NO2 by 03 and, to a lesser extent, by HO2 and organic peroxy radicals within the 041 m layer, a somewhat greater amount than indicated by the results presented here. Some of this NO2 may be deposited back onto the canopy. For the full diumal cycle the model indicates that the mean NO,, release to the atmosphere was only about 20% of the soil emission rate due to loss of NO 2 to the canopy. However, the uncertainties in the measurements and the model preclude a deftnative assessment. 
